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SEMICONDUCTOR CHIP HAVING A LOW-
NOISE GROUND LINE

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present mnvention relates to a semiconductor device
having a low-noise ground line and, more particularly, to a
structure for reducing the noise propagating through the
oround line 1n a semiconductor device.

(b) Description of the Related Art

A semiconductor device generally has a pair of source
lines including a high voltage source line and a ground line
for supplying electric power to the functional elements
disposed therein. Referring to FIG. 1 which shows a sche-
matic top plan view of a first conventional semiconductor
chip, the semiconductor chip 1s implemented as a SRAM
device and formed on a p-type silicon substrate. The semi-
conductor chip 10 has a scribe region 12 on the outer
periphery of the chip 10, wherein a ground line 13 shown by
hatching 1s disposed. In the internal area of the semicon-
ductor chip 10, another ground line 14 shown also by
hatching 1s disposed for supplying a ground potential to the
functional elements in the internal areca. Both the ground

lines 13 and 14 are connected together through bonding pads
14A and 14B.

A high voltage source line 15 1s disposed in the internal
arca for supplying a source potential to the internal circuit,
and connected to an external lead frame (not shown) through
bonding pads 15A and 15B disposed at the ends of the

source line 15, by using a bonding technique. The ground
lines 13 and 14 are also connected to the external lead frame

through bonding pads 14A and 14B disposed at the ends of
the ground lines 13 and 14, by using a bonding technique.

I/O circuit 16 1s disposed as a part of the internal circuit
adjacent to the scribe region 12 of the semiconductor chip
10. The I/O circuit 16 includes a plurality of output transis-
tors 19A to 19F, which are connected to a common ground
line 17 for the I/O circuit 16, source line 18 and correspond-
ing signal lines not shown 1n the figure. The signal lines are
connected to the external lead frame through bonding pads
by a bonding technique for outputting corresponding signals
from the output transistors. The ground line 17 and the
source line 18 are connected to bonding pads 17A and 18A,
respectively, which are connected to external lead frame for
receiving the ground potential and the source potential.

With the recent increase in the operational speed of the
semiconductor device, 1t has become difficult to obtain a
stable operation of the semiconductor chip of FIG. 1 due to
the adverse effect of the noise reflected during signal trans-
mission from the output transistors. For reducing the adverse
ciiect, 1t may be required that the ground line 17 disposed for
the output transistors 19A to 19F have a larger width for
suppressing the fluctuation of the ground potential on the
oround line 17. However, the demand for reduction of the
chip size for the semiconductor device in the recent years
prevents a large width for the ground line 17, which leads an

unstable operation of the semiconductor device.

Referring to FIG. 2 which shows a top plan view of a
corner portion of a typical DRAM formed on an n-type
semiconductor substrate as a second conventional semicon-
ductor chip 20, a first stage circuit block 25 as a part of the
internal circuit 1s disposed 1n vicinity of the outer periphery
of the semiconductor chip, wherein ground lines 23 and 24
extend parallel to each other. FIG. 3 shows a circuit con-
figuration for the mput stage circuit block 25 shown 1n FIG.
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2, wherein p-channel transistors Q1 and Q2 and an
n-channel transistor Q3 are connected in series between a
high voltage source line Vce and the ground line. An address
terminal connected to the gates of transistors Q2 and Q3 1s
connected to the bonding pad 27A through the electrostatic
discharge clement 26A as shown in FIG. 2. If another
address terminal 1s disposed in the first stage circuit block
25, the another address terminal 1s similarly connected to the
bonding pad 27B through the electrostatic discharge element

26B as shown 1n FIG. 2.

The bonding pads 27A and 27B are respectively con-
nected to the external lead frame by a bonding technique for
connecting the address terminals to the external lead frame.
The electrostatic discharge elements 26A and 26B are con-
nected to the ground line 24 for protecting the semiconduc-
tor device against destruction of the transistors caused by the
clectrostatic discharge failure. The ground line 23 disposed
on the scribe region 22 1s connected to the ground line 24
through a bonding pad 24A, which 1s connected to the
external lead frame by a bonding technique. In FIG. 2, the
recent 1ncrease 1n the operational speed of the semiconduc-
tor device also causes the ground potential of the ground line
24 to fluctuate due to the noise on the ground line 24.

SUMMARY OF THE INVENTION

In view of the above, 1t 1s an object of the present
invention to provide a semiconductor device wherein fluc-
tuation of the ground potential and/or the source potential of
the semiconductor device can be suppressed.

The present invention provides, 1n a {irst aspect thereof, a
semiconductor chip comprising a semiconductor substrate
including an internal circuit region and a scribe region
encircling the internal circuit region, the internal circuit
region receiving therein an internal circuit and an I/O circuit
for 1inputting an external signal to supply an internal signal
to the internal circuit, a first source line disposed in the
internal circuit region for applying a first potential to the
internal circuit, a second source line formed on the scribe
region and connected to the first source line via a bonding
pad for applying the first potential to the semiconductor
substrate, and a third source line connected to the second
source line without passing the bonding pad for applying the
first potential to the I/O circuat.

The present 1nvention provides, in a second aspect
thereof, a semiconductor chip comprising a semiconductor
substrate 1ncluding an internal circuit region and a scribe
region encircling the internal circuit region, the internal
circuit region receiving therein an internal circuit and an I/0
circuit for mputting an external signal to supply an internal
signal to the internal circuit, a first source line disposed in
the 1ternal circuit region for applying a first potential to the
internal circuit, a second source line formed on the scribe
region and connected to the first source line via a bonding
pad for applying the first potential to the semiconductor
substrate, the first source line having a first portion directly
connected to the I/O circuit and to a second portion of the
second source line without passing the bonding pad.

In accordance with the semiconductor devices of the
present nvention, a ground line or high voltage source line
disposed for the internal circuit as one of the source lines 1s
less susceptible to noise generated by the I/O circuit,
whereby a stable operation of the semiconductor chip can be
obtained.

The above and other objects, features and advantages of
the present invention will be more apparent from the fol-
lowing description, referring to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top plan view of a first conventional semi-
conductor chip;

FIG. 2 1s a partial top plan view of a second conventional
semiconductor chip;

FIG. 3 1s a circuit diagram of the first stage circuit block
shown 1n FIG. 2;

FIG. 4 1s a top plan view a semiconductor chip according,
to a first embodiment of the present invention;

FIG. 5 15 a partial top plan view of a semiconductor chip
according to a second embodiment of the present invention;
and

FIG. 6 1s a sectional view of the semiconductor chip of
FIG. 5 taken along line VI—VI 1n FIG. §.

PREFERRED EMBODIMENTS OF THE
INVENTION

Now, the present invention 1s more specifically described
with reference to accompanying drawings, wherein similar
constituent elements are designated by similar reference
numerals or related reference numerals throughout the draw-
Ings.

Referring to FIG. 4, a semiconductor chip according to a
first embodiment of the present invention 1s implemented as
a SRAM device formed on a p-type silicon substrate. The
semiconductor chip 10 has on the outer periphery of the
semiconductor chip 10 a scribe region 12, whereon a first
oround line 13 shown by hatching is disposed. The scribe
region 12 1s generally used for dicing a semiconductor wafer
to separate the semiconductor chip 10 from other semicon-
ductor chips. The semiconductor chip also has an internal
circuit region encircled by the scribe region 12, and a second
oround line 14 shown by hatching and disposed for supply-
ing a ground potential to the functional elements 1n the
internal circuit region. Both the first and second ground lines
13 and 14 are connected together through bonding pads 14A
and 14B to implement one of a pair of source lines.

A high-voltage source line 15 as the other of source lines
1s disposed 1n the 1nternal circuit region for supplying a high
voltage potential to the internal circuit, and connected to an
external lead frame (not shown) through bonding pads 15A
and 15B disposed at the respective ends of the high voltage
source line 15, by using a bonding technique. The ground
lines 13 and 14 are also connected to the external lead frame
through the bonding pads 14A and 14B disposed at the ends
of both the ground lines 13 and 14, by using a bonding
technique.

An I/O circuit 16 including a plurality of output transis-
tors 19A to 19F 1s installed adjacent to the scribe region 12,
wherein each transistor 1n the I/0 circuit 16 1s connected to
a third ground line 17, a high voltage source line 18 and
corresponding signal lines (not shown). The signal lines are
connected to the external lead frame through respective
bonding pads by a bonding technique for outputting corre-
sponding signals from the output transistors 19A to 19F. The
third ground line 17 and the high voltage source line 18 are
connected to bonding pads 17A and 18A, respectively,
which are connected to the external lead frame for receiving,
the ground potential and the source potential, respectively.

The third ground line 17 disposed for the I/O circuit 16
and connected to each output transistor 1s directly connected
to the first ground line 13 through wires 71 to 77 disposed
for respective output transistors 19A to 19F, without passing
the bonding pads 14A and 14B. The direct connections of the
third ground line 17 to the second ground line 13 on the
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scribe region 12 allow the improvement of the function of
the third ground line 17 for maintaining a stable ground
potential of the I/O circuit 16. In this configuration, noise
ogenerated on the third ground line 17 by the I/O circuit 16
1s not directly transferred to the second ground line 14 for
the internal circuit, whereby the magnitude of the noise
transterred from the third ground line 17 to the first ground

line 14 1s reduced by the bonding pads 14A and 14B
connected to the external lead frame.

Referring to FIG. 5, a semiconductor chip according to a
second embodiment of the present invention 1s shown 1n a
partial top plan view thereof. In the 1llustrated configuration,
a first ground line 23 1s disposed on the scribe region 22 for
applying a ground potential to the semiconductor substrate.
Adjacent to the first ground line 23, a second ground line 24
extends parallel to the first ground line 23 and 1s connected
to the first ground line 23 via a bonding pad 24A, which 1s
in turn connected to an external lead frame.

An I/0 circuit including a first stage circuit block 25 for
receiving an external signal 1s disposed adjacent to the
second ground line 24. The first stage circuit block 25 has a
circuit configuration shown 1n FIG. 3, wherein the source of
the n-channel transistor Q3 1is electrically connected to the
second ground line 24. The address terminal 40 of the first
stage circuit block 25 1s connected a bonding pad 27A
through an electrostatic discharge element 26A. Another
address terminal of the first stage circuit block 235, if any, 1s
also connected to a bonding pad 27B through another
clectrostatic discharge element 26 B. The bonding pads 27A
and 27B are respectively connected to the external lead
frame by a bonding technique. The electrostatic discharge
clements 26 A and 26B are connected to the second ground
line 24 for discharging the electrostatic charge entering to
the semiconductor chip 20 through the address terminal 40,
thereby protecting the semiconductor chip 20 against an
clectrostatic discharge failure.

In the present embodiment, the second ground line 24
disposed for the first stage circuit block 25 and the first
oround line 23 disposed on the scribe region 22 are formed
as a single line 1n the region adjacent to the first stage circuit
block 25 by interposing therebetween a plurality of line
secgments 241 so that a plurality of slits or apertures 242 are
formed between each adjacent two of the line segments 241.
The connection of the first ground line 13 and the second
cround line 14 1 this configuration also allows a stable
oround potential of the second ground line 24 for the mternal
circuit even 1n the case of a higher operational speed of the
semiconductor device.

In some 1nstances, a dicing operation of the semiconduc-
tor wafer into a plurality of chips along the scribe region 22
involves a crack in the first ground line 23 formed on the
scribe region 22 due to the stress caused by the dicing. The
slits 242 formed between the first ground line 23 and the
second ground line 24 according to the present embodiment
prevent the crack generated on the first ground line 23 from
extending toward the second ground line 24 for the first
stage circuit block 25 of the internal circuit block. Exem-
plified dimensions of the ground lines are such that: the
distance between the slits 242 1s 100 yum, the length and
width of the slits 242 are 100 ym and 7 um, respectively, the
widths of the first and second ground lines 23 and 24 are 10
um and 5 um, respectively.

Referring to FIG. 6, there 1s shown a cross-sectional view
of the semiconductor chip 20 taken along line VI—VI 1n
FIG. 5. The semiconductor chip 20 is formed by the steps
including forming a field oxide film 32 on a p-type semi-
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conductor substrate 31, forming an interlayer dielectric film
33 thereon, forming the second ground line 24 for the first
stage circuit block as well as the first ground line 23 on the
dielectric film 33 and the scribe region 22 of the semicon-

ductor substrate 31, and forming a cover film made of SION
on the preceding films.

The first ground line 23 on the scribe region 22 functions
for applying a ground potential to the semiconductor sub-
strate 31. If the semiconductor substrate 31 1s of n-type, the
first ground line 23 1s replaced by a high voltage source line
formed on the scribe region 22 and connected to an external
source line Vcc and the drain of the p-channel transistor Ql
shown 1n FIG. 3. In this case, the high voltage source line
has a stable source potential according to the present inven-
tion.

Since the above embodiments are described only for
examples, the present invention 1s not limited to the above
embodiments and various modifications or alterations can be
casily made therefrom by those skilled 1n the art withou
departing from the scope of the present invention.
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What 1s claimed 1s:

1. A semiconductor chip comprising a semiconductor
substrate 1ncluding an internal circuit region and a scribe
region encircling said internal circuit region, said internal
circuit region receiving therein an internal circuit and an I/0
circuit for inputting an external signal to supply an internal
signal to said internal circuit, a first source line disposed in
said internal circuit region for applying a first potential to
said internal circuit, a second source line formed on said
scribe region and connected to said first source line via a
bonding pad for applying said first potential to said semi-
conductor substrate, a third source line connected to said
second source line without passing said bonding pad for
applying said first potential to said I/O circuit, and a plurality
of fourth source lines directly connected to said second
source line, wherein said I/O circuit includes a plurality of
transistors each connected to a corresponding one of said
fourth source lines.

2. A semiconductor chip as defined 1n claim 1, wherein

¢ 20 said bonding pad 1s connected to an external lead frame.
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